than fifty years and to the best of my recollection he only mentioned it once. His mother was a most remarkable, kindly, intelligent old lady who retained all these qualities including her good looks till she was very well over eighty and she told me exactly how it happened.
Don nan and another little boy were playing a kind of hide and seek in a row of unfinished houses, creeping up and down flights of stairs throwing mortar at each other. A handful of the mortar which unfortunately was freshly mixed caught Donnan fairly in the face. By the time they got him to hospital an instant operation to remove his left eye was necessary and for several days there were grave fears for the sight of the other eye.
When he returned home he went into the nursery and removed the left eyes of all his sisters' dolls.
This disability did not prevent him from playing quite a reasonable game of lawn tennis. At school he was a member of the Rugby 1st XV and the school lacrosse team.
He was a first class swimmer and high diver, sometimes diving from as high as 30 ft.
He attended the Belfast Royal Academy from 1880 to 1889, the then head master Dr W. F. Collier was an excellent teacher from whom he learned much concerning the literature and history of England. As a schoolboy he was chiefly interested in mathematics and physical science. At the annual examinations of the Irish schools conducted by the Intermediate Education Board he obtained first class 'Exhibitions' in 1886, 1887 and 1888. As the total value of these exhibitions was about £100 he was able to defray a considerable part of the cost of his school education.
There were, however, no scientific laboratories in the Belfast Royal Academy, so although he studied some physics and chemistry there, the instruction was purely theoretical. He managed to get some practical train ing by attending evening courses conducted by a Mr Adam Speers, of the Sullivan Schools at Holywood. After the examination he was awarded a silver medal.
The course was under the aegis of the science and art department and Donnan always acknowledged his debt to Mr Speers, who was a man with a great enthusiasm for chemistry and from whom he derived a good deal of inspiration.
Donnan entered Queen's College, Belfast in 1889 and remained there till 1893. His record shows his remarkable industry and ability, indeed as his old mother told me 'after the accident to his eye he never looked back'. He was awarded a science scholarship in 1890, a senior scholarship in 1892 and the Andrews studentship in the same year.
At the annual examinations of the Royal University of Ireland he obtained the following distinctions. In 1890, a First Class Exhibition and the first place in Ireland, repeating this feat in 1891. In 1892 he was awarded a First Class Exhibition and first place in chemistry and physics.
At the B.A. examination in 1894 he got first place and a studentship (value £300) in chemistry and physics. In the M.A. examination in 1897 he was awarded a Junior Fellowship (£400 p.a. for 4 years) as the result of an examination in chemistry and physics. As a Junior Fellow he acted as Assistant Examiner for 4 years. He studied chemistry, mathematics and physics under Professors Letts, Purser and Everitt. He also worked at English literature, Latin, logic and philosophy. He always spoke in terms of the highest admiration of Professor Purser who gave them all a love for pure mathematics. In 1893 Donnan was awarded an 1851 Exhibition Research Scholarship and with this he went to the University of Leipzig and did a year's chemistry under Wislicenus. He then changed over to the laboratory of Wilhelm Ostwald in the same University in order to devote himself to the young and rising discipline of physical chemistry. In 1896 he was awarded a Ph.D. degree (magna cum laude) for a thesis on the experimental study of the relation between ionization and light absorption in an aqueous solution of violuric acid either alone or mixed with colourless acids. To do this he designed and constructed a new type of colorimeter familiar to many as the Donnan colorimeter. In 1896-97 he worked in the laboratory of J. H. van 't Hoff in Berlin. Here he studied experimentally the hydrates of calcium sulphate and the vapour pressures of a number of saturated aqueous solu tions of single and double salts occurring in v a n 't Hoff's investigations on the oceanic salt deposits.
It has already been mentioned that he had gained a junior fellowship in 1897. He, therefore, decided to spend the year 1897-98 quietly at home in order, as he said, 'to read deeply into the literature of physical chemistry'. During this period he published four theoretical papers, namely, (1) 'On Lord Rayleigh's proof of v a n 't Hoff's osmotic theorem', (2) 'The Thompson effect on a binary electrolyte', (3) 'On the Hall effect in a binary electrolyte' and (4) 'On the isothermal pressure surface in the case of two single salts and one double salt'.
In 1898 Donnan went as a senior Research Student in Ramsay's Labora tory at University College London, and in the period 1899-1901 published experimental researches on the nature of soap solutions, the relative rates of effusion of argon, helium and other gases. Also two theoretical papers on the phenomenon of colloidal solution.
It was not until 1901 that he obtained his first post, his post-graduate study having lasted from 1893 until 1901 and having carried him to Leipzig, Berlin and London; then in his 31st year he became an assistant lecturer in Ramsay's Laboratory at a salary of £100 per annum. His 1851 exhibition and his junior fellowship had kept him going as a 'free researcher', as he said, sometimes he wondered if he did not delay too long before entering pro fessional academic life. My own opinion is that having regard to the fact that at the age of 85 at least his mind was undimmed and also to the distinguished men with whom he worked in his younger days, he could not have done better. One of these was the production of ammonium nitrate from sodium nitrate and ammonium sulphate. By almost a miracle this and similar processes had been worked out in principle before the war, that is to say the formal hetergeneous equilibria had all been determined. The process under discussion offered, however, peculiar difficulties in getting to work on the large scale. There were a large number of double salts involved and our first attempt was unsuccessful. A further close study of the equilibria made it pretty certain that it would work. Moulton told me that as he was going to spend a great deal of money he must have an outside opinion, who would I have? I said Donnan.
Donnan was lecturing, a messenger from Moulton came in who stopped his lecture and took Donnan to see Moulton at once. Donnan came to Northwich, reported favourably on the process and it was a great success. Moulton instantly recognized Donnan's remarkable abilities and formed a firm friendship with him which lasted for the rest of his life, and employed him in a very large number of ways. Donnan worked closely with K. B. Quinan, Moulton's remarkable* dynamic American chemical-engineer, who suffered fools anything but gladly, and who at once took to Donnan who assisted him in the designs of plant for the fixation of nitrogen and for the production of mustard 'gas*. Donnan played an important part in the early stages of the research work on synthetic ammonia and nitric acid working with Dr Harper in the Chemistry Department of University College, London. The strong research team included Greenwood, H. S. Taylor, E. K. Rideal and J. R. Partington, who worked in a special high-pressure laboratory.
At the end of the war, by this time an intimate of the Board of Brunner Mond & Go., he played his part in advising them to develop this work and always took pleasure in the recollection that he was one of the forces which helped to produce the great works at Billingham.
In the (1) He was Chairman of the Committee of the British Association which between 1917-23, inclusive, issued five reports on colloid science and its industrial application.
( This very heavy and exacting work took much of his spare time from 1928 to 1936. He was at it night after night until the small hours of the morning. Owing to various causes practically all the work fell on him.
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Financial assistance for scientific work
Donnan was instrumental in raising large sums of money from enlightened private persons and from industry. He was particularly fitted to do this from the cogency of his arguments, his skill on stating a case and the number of influential people by whom he was known and well liked.
In 1913 when examining the plans and estimates for the University College Chemical Laboratory then being built and the amount of money which the College had in hand for this purpose. He calculated with the help of his friend Sir Robert Blair, Chairman of the Higher Education Committee of the L.C.C. that a further sum of £20 000 would be necessary. This sum was voted in July 1914, a fortnight before war broke out, which saved the laboratory in the nick of time. When teaching work in the laboratory in 1915-the war work especially-and much other work was hampered by lack of a workshop, Donnan, knowing Messel very well, put the case to him, estimated it would cost £1000 and got the money at once. This set the workshop speedily going. In 1919 the question of funds for research work became acute not only in University College, but all over the country. Donnan talked it over with Moulton who took him to see Roscoe Brunner the Chairman of Brunner Mond & Co. and also invited Donnan to draw up a scheme of annual financial grants for the Chemistry Departments of the Universities of the U.K. in order to enable them to carry out research in physical and inorganic chemistry. The Company adopted his scheme. Later when I.C.I. was formed Donnan was for many years a member of the I.C.I. Research Council which expanded the scheme to cover organic chemistry as well. Donnan played an important part in this large and enlightened scheme which included not only Uni versities but some of the larger Technical Colleges.
Donnan, who on account of his American tours was well known and very much liked there, played a large part in persuading the Rockefeller Foundation and other American sources to provide great sums of money for the rebuilding of the Royal Institution between the wars. He also helped Kamerlingh Onnes to obtain money for his laboratory from the U.S.A.
Frederick George Donnan 29
His travels Donnan travelled extensively and always used his good offices for inter national co-operation as far as it was in any way possible. In 1920- Donnan retired from the Chair at U.C.L. in 1937 and lived on into the war at his old house at 23 Woburn Square. As the bombing grew worse it was obvious that his house was in great danger. He moved his furniture out just in time, the house was destroyed twelve hours later in October 1940. In November 1940 he went to live in Hartlip, Sittingbourne, Kent, where he remained until his death on 16 December 1956.
His work
Anyone going through Donnan's bibliography will immediately be struck by the very wide range of his interests. For example, his early appreciation of the necessity of a united Europe made him acutely conscious of the difficulties which would arise owing to the language bar, hence his interest in and dose acquaintance with the problem of artificial languages. Even in the years before his retirement the shortage of men trained in the natural sciences was becoming manifest, he had views on this. He was also an early enthusiast for the new discipline of chemical engineering which has now come into its own.
After these preliminary remarks we can turn to the more serious side of his work. His very early papers reflect his long and unusual training. It is well to remember that from the classification point of view Donnan was in the zone between physics and physical chemistry. In a private letter to Donnan from Ramsay discussing his chances of election into the Royal Society, Ramsay said that this was a serious difficulty as he was in danger of falling between two stools, things being what they were in those days.
At University College in Ramsay's time Donnan was the only man who was well acquainted with the Arrhenius-van 't Hoff-Ostwald school of physical chemistry and he began to apply these ideas to the problems with which he was surrounded.
In 1900 Ramsay asked him to study the rates of effusion of some of the rare gases. A little later with Baly he worked on the surface energies and densities of a number of liquefied gases with the idea of producing a commercial pro cess for the manufacture of liquid air and oxygen. With Mrs Burke, again at Ramsay's suggestion, he investigated the rates of reaction of the alkyl iodides with silver nitrate and ran into the anomalies caused by the neutral salt effect which he later discussed with Arrhenius.
About this time he worked with le Rossignol on the reaction between potassium ferricyanide and potassium iodide; this they found to be quinquemolecular. He worked with Bassett on the colour of cobalt, iron and copper salts from the standpoint of electro affinity.
He also worked with Burt on the transition temperatures and hydrates. It could be argued that some of the above work was reminiscent of his career in Germany, but he soon began to strike out for himself. In van t Hoff's laboratory he had begun some work on the nature of soap solutions which he completed in University College London. He showed that the efficiency of hydroxyl ions in the emulsification of oils depended on the formation of soaps on the surface layer. ^ > . Thus neutral olive oil is only slightly emulsified with alkali, but olive 01 containing free acid is readily emulsified. T his work was the beginning of a series of papers on colloidal theory whic gave him an international reputation as a colloid chemist. His theory o t e enhanced stability which an emulsifier gives to an emulsion was developed in the above paper in terms of an increased concentration of the surface agent at the point of contact of two drops. He published papers on a thermodynamic theory of colloidal solutions. He attacked this problem from the standpoint of capillarity alone and discussed the causes for the limiting sizes of colloidal particles in terms of differences between the variations in the molecular forces (A-A; A-B) with distance.
In the last of these papers he made use of an idea suggested to him by van *t Hoff on the possibility of a negative interfacial tension. This was done with his fellow countryman W. C. McC. G. Lewis who, working with him in the early part of his Liverpool period studied electrophoretic effects and tested the applicability of the Gibbs equations, this was done in 1908-09 and 1910, About this period the building of the Muspratt Laboratories absorbed the greater part of Donnan's energies and slowed down his rate of publication. With Potts he studied the effects of the sodium salts of the straight-chain acids (n = 1 to 13) on the oil/water interface. Using a drop pipette he measured the interfacial tensions of the oil/water interface and showed that there was good correlation with the emulsifying power of the salts. There was an optimum concentration for emulsification of each salt and a rapid increase of the effects above C12. The results were in general agreement with the equations of Gibbs.
The applicability of these equations he confirmed with Barker for the air/water interface using nonylic acid and safronine as surface agents. Both the surface tensions and the interface concentrations were experimentally determined and the values agreed in order of magnitude with those calculated from the Gibbs equation.
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Membrane equilibria (Donnan, F. G., 1911. Z-Elektrochemie 17, 572) Publishing a paper is rather like throwing a stone into water. The ripples sometimes go a very long way. This is particularly true of the paper he published in 1911.
It is sufficiently important to quote in his own words: 'We suppose that the membrane (indicated on the following diagram by a vertical line) be impermeable for the anion R of a salt Na/? (and also for the non dissociated part of the salt NaiR) but permeable for all the other ions and salts to be considered in this connection. . . . ^ # 'Suppose that in the beginning we have a solution of Na/2 on one side of the membrane (indicated by a vertical line) and of NaCl on the other side Na Na
In this case NaCl will diffuse from II to I. In the end the following equili brium will result 32 Biographical M em oirs Na Na
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Cl II when this equilibrium is established, the energy required to transport reversibly and isothermally 1 gram molecule of Na from II to I equals the energy which can be gained by the corresponding reversible and isothermal transport of a gram molecule of Cl. In other words, we consider the following infinitely small isothermal and reversible change of the system where the brackets signify molar concentrations.' This means that if the concentration of the non dialyzing ion in I is high compared with the concentration of Na, Cl in II then the distribution of C l' on the two sides of the membrane at equilibrium will be markedly unequal, although the membrane is completely permeable to Cl'. Similar effects should occur for electrolytes without ions in common provided one ion is impermeable.
If there is Nai? on one side and pure water on the other and Hi? is a weak acid then since Na is freely mobile across the membrane hydrolytic dissociations will occur such that
It follows, therefore, that in measurements of the osmotic pressure of a colloidal electrolyte Nai?, the magnitude of the osmotic pressure will be modified by diffusion of ions across the membrane.
go
The above conclusions were tested experimentally by Donnan and Harris and completely confirmed for the system where Na was Congo Red. Other tests of the theory were made where R ' was the ferrocyanide ion, the mem brane being copper ferrocyanide, agreement with the theory was again found (Allmand 1914 (Allmand , 1919 Soc. 1916, 109, 307) applied the theory to the swelling of gelatine in electro lytes.
Donnan effects can be obtained even when a membrane as such is not present, provided there is a suitable constraint to the free movement of one of the ions of a colloidal electrolyte. Thus when a piece of protein is placed in hydrochloric acid, the chlorine ion of the protein chloride is free to exert an O.P., but the protein anion is rigidly held in the molecular frame work. According to Proctor and Wilson the swelling of the protein arises as the result of excess of crystalloids inside the gel due to the setting up of a Donnan equilibrium.
This suggestion for the causes of the swelling of gelatine was not accepted immediately, it was not in accord with the current lines of thought about proteins.
The work of Loeb {Proteins and the theory of colloidal , 1922), however, established that proteins were amphoteric electrolytes and that the ionic dis sociation of the amino and carboxyl groups obeyed the ordinary laws of mass action. Loeb made measurements of the changes in membrane potentials, osmotic pressure, and viscosities of protein and protein solutions caused by the addition of electrolytes, and found good agreement with the Donnan theory. Loeb's view was summarized in the preface of his book. He said, 'Any rival theory which is intended to replace the Donnan theory must be able to accomplish at least as much as the Donnan theory, i.e. it must give a quantitative, mathematical, and rationalistic explanation of the curves expressing the influence of hydrogen ion concentration, valency of ions and concentration of electrolytes on colloidal behaviour, and it must explain these curves not for one property alone, but for all the properties, electric charges, osmotic pressure, swelling, viscosity, and stability of solutions since all these properties are effected by electrolysis in a similar way.'
The Donnan theory is now part of the framework of colloid chemistry, and provides the basis for many of our ideas of the nature of the transport of ions and molecules across the living cell.
The Donnan theory lights up Donnan, his work and his methods. All the great variety of his researches is an attempt to fit things into a rational and, if possible, a mathematical framework.
The effect of Moulton's dramatic call during World War I is plainly seen in his bibliography, but what is not so manifest is his intense interest in the newer chemistry and cosmology, to which he devoted a great deal of his leisure, probably more than many people would have done. He gave a great deal of thought to the origin of life itself.
He worked at mathematical physics up to the last. He once said to me 'Freeth I am sure you must have Irish ancestry* I said 'Well it must be a long way back, but why ?' He said 'An Irishman is a man who works like the devil at things which are not really his business, you do and so do I.* There is a collection of nearly all Donnan's separates in the Library of University College London, together with a number of interesting letters.
I should like to acknowledge my deep indebtedness to many people, particularly Professor W. E. Garner, F.R.S.
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T he man and his character
Writing about Donnan involves some of the difficulties encountered in the attempt to describe any famous exponents of anything to those who have seen, heard or known but little of them.
He was tall, good looking, well built and of great physical strength and endurance. Till he smiled his face in repose was often stern and rather sad.
I first met him in Liverpool in 1904 and have a vivid visual impression of the meeting to this day. He appeared in the lecture theatre looking rather set and grim. He gave us a somewhat formidable lecture on thermodynamics which he obviously had at his finger tips. His voice was low and he spoke rapidly. At the end of the lecture he said he would be glad to meet us. The whole Honours Chemistry School was only six strong.
He was then quite a different man and radiated charm and genuine sympathy. We all turned into would-be physical chemists on the spot. For the next two years I was in the closest touch with him, and when the Final Examination was over I did some research under his direction.
Before this his method of teaching us practical physical chemistry was to get us to repeat the experimental work in a recently published paper usually by someone in Germany. If you could not read German you took off your coat and went for it with a grammar and a dictionary; aided by Nernst Schonflies, Allmand and I worked together on one of these exercises.
One could be sure of seeing him at least once a day and listening to his brilliant and illuminating talk.
When the time came for me to work alone he put me on to what proved to be an extraordinarily difficult task. He said that if you mixed together solu tions of potassium fluoride, copper sulphate and ferrous sulphate you could obtain metallic copper, cuprous oxide, and a range of other compounds of varying colour. Would I try to work out the systematics of it. I toiled at this for six months and got nothing worth publishing out of it, but it threw me into Donnan's company a great deal and I got to know him really well. It was an invaluable experience for me.
He was a tremendous worker and kept odd hours. To retire at 1 a.m. was early for him ; 2, 3 and even 4 a.m. were not infrequent.
He had a great difficulty in starting anything, but when once he did he would work furiously till it was finished. This applied particularly to tasks he had been asked to undertake, like annotating Gibbs. On two occasions at least he worked himself right out and became ill. He was devoted to his friends. Ramsay's lingering illness and eventual death distressed him terribly. He was generous and hospitable to a fault. He had his likes and dislikes, but, like the Scots, as a past president of Magdalen said, 'He was not quarrelsome, but had a fine sense of provocation. ' He had excellent taste and his house in Woburn Square was delightful. His remarkable old mother and his sisters formed a background for him which anyone who knew him well in his own home will never forget.
The effect he made in a new situation such as his visit to Holland in 1922 was astonishing. Much as he had travelled he did not know Holland and but few of the people there. I went with him as a kind of A.D.C.
He was lecturing on his theory of membrane equilibrium which, thanks to Loeb's book, was very well known at the time. He was always nervous and diffident before an important lecture, but invariably made a success of it when he got under way. The great majority of physical chemists, physicists and physiologists in Holland came to hear him.
At Leyden, for example, there were Einstein, Ehrenfest, Kamerlingh Onnes, Schreinemakers, Crommelin and Jorissen in his audience and a crowd of physiologists.
In the middle of the lecture Ehrenfest, Einstein and Donnan had a triangular discussion each going to the blackboard.
Donnan did more than well, he shone. The lectures at Amsterdam and Utrecht were equally successful. I was present at three meetings of the Deutsche Bunsen Gesellschaft between the wars where Donnan was a marked success. The respect and affection with which he was greeted would have surprised a stranger.
Donnan was without doubt a great international figure and a good Euro pean, the present trend towards a United Europe would have delighted him.
His generosity to his colleagues and pupils if less bountiful would have substantially increased the size of his bibliography.
As Sir Charles Goodeve has said his testimonials required a certain amount of discounting but they testified to his goodness of heart.
Like his great friend Collie he engaged the affection and respect of the oncoming generations. At his farewell dinner they acclaimed him as only young men can.
In his obituary notice in The Times the writer remarked that he would be remembered as a teacher. He was a good teacher, but his pupils and friends will remember him as an inspiration. 
